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ABSTRACT 
During t h i s  qua r t e r  the l a s e r  decomposition of magnesium oxide 
p l u s  g raph i t e  w a s  cont inued,  and a new approach t o  determine hydroxyl 
w a s  begun. Mass spec t rographic  s t u d i e s  were cont inued,  emphasizing the  
a n a l y s i s  of r e f r a c t o r y  m a t e r i a l s  f o r  elements o the r  than the  i n t e r s t i t i a l  
e lements .  A Knudsen c e l l  run  was made i n  an at tempt  t o  e s t a b l i s h  the time- 
temperature  r e l a t i o n s h i p s  i n  the  magnesium oxide-graphi te-hydroxyl  system. 
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DEVELOPMENT OF CHEMICAL ANALYSIS TECHNIQUES 
FOR ADVANCED MATERIALS 
E.  R .  Blosser  
INTRODUCTION 
The f i r s t  year  of t h i s  r e sea rch  program w a s  devoted t o  s tudying 
MgO- -both f o r  "subs t i t u  t i onal" impur i t i e  s and f o r  t he  " i n t e r  s t i t i a l "  
elements  H, C ,  and N .  This work w a s  r epor t ed  i n  d e t a i l  i n  the  Annual 
Summary Report da ted  February 2, 1968. I n  the  per iod covered by the p re sen t  
r e p o r t ,  the  problem of OH de te rmina t ion  i n  MgO w a s  s tud ied ,  and several 
Un ive r s i ty  of Washington r e f r a c t o r y  samples were analyzed mass spec t ro-  
graphic  a1 ly . 
The OH problem h a s  been mentioned and d iscussed  i n  many previous  
r e p o r t s  under t h i s  c o n t r a c t .  Each approach t r i e d  t o  d a t e  has  appeared 
promising on f i r s t  i n spec t ion ,  but c l o s e r  i n v e s t i g a t i o n s  have revea led  
s e r i o u s  d e f i c i e n c i e s .  O f  the  two new techniques appl ied  dur ing  t h i s  q u a r t e r ,  
t he  Knudsen c e l l  produced puzzl ing d a t a  t h a t  would be q u i t e  d i f f i c u l t  t o  
reduce t o  meaningful r e s u l t s .  
has given q u i t e  good r e s u l t s  i n  the  f i r s t  two experiments.  
The o the r  innovat ion,  h e a t i n g  MgO i n  02, 
EXPERIMENTAL WORK 
Hydroxyl Determination 
Laser Heat ing  
The MgO used fo r  the  experiments r epor t ed  below was OP 243 ,  
B M I  91940. It w a s  f i n e l y  ground, then  mixed and p r e s s d  :;I by zcFgbt 
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wi th  g raph i t e .  
a qua r t z  tube,  wi th  a Lavite pedes ta l ,  capped by a plat inum d i s k  t o  
which the p e l l e t  was a t tached .  
f o r  use  wi th  the laser.  The assembly w a s  evacuated and hea ted  by i n f r a r e d  
u n t i l  no outgass ing  could be de tec ted .  The sample was hea ted  by induct ion  
t o  1000 C f o r  6 minutes and the  quan t i ty  of gas  w a s  measured and analyzed. 
Af t e r  s u b t r a c t i n g  t h e  blank obtained on the  g raph i t e ,  i t  w a s  determined 
from the  amount of H l i b e r a t e d  t h a t  t h e  sample contained 0.17 weight 
percent  Mg(OH)2. Since the e n t i r e  sample i s  hea ted  by the  induct ion  
method, c a l c u l a t i o n s  are based on t h e  t o t a l  weight of MgO i n  the  p e l l e t .  
(Since only a minute q u a n t i t y  of the  MgO i s  hea ted  by t h e  l a s e r ,  c a l c u l a -  
t i o n s  f o r  laser h e a t i n g  a r e  based on the  amount of MgO decomposed as  
c a l c u l a t e d  from t h e  amount of CO produced.) 
The appara tus  i n  which the  MgO-C p e l l e t  w a s  heated w a s  
One end of t he  tube w a s  an  o p t i c a l  f l a t  
Another sample of OP 243 w a s  t r e a t e d  i n  the  same manner except  
t h a t  f i ne - focus  laser hea t ing  was used before  the  induct ion  hea t ing .  
The amount of CO l i b e r a t e d  ind ica ted  4000 pg of t h e  MgO w a s  decomposed, 
b u t  the  amount of Mg(OH)2 w a s  only 85 ppmw. 
aga in ,  the sample w a s  hea ted  by induct ion  f o r  6 minutes a t  1000 C ,  and the  
CO l i b e r a t e d  ind ica t ed  7240 pg of t he  MgO w a s  decomposed. Based on the  
H l i b e r a t e d ,  t he  t o t a l  sample contained 0.16 weight pe rcen t  Mg(0H) The 
laser r e s u l t  a t  h igh  energy ind ica t ed  very  low OH conten t  although very  
good check r e s u l t s  were obtained on t h e  low-temperature induct ion-hea t ing  
method. These r e s u l t s ,  together  wi th  r e s u l t s  obtained ear l ie r  on Sample 
BMI  91938, suggest  t h a t  increased energy (high-temperature induct ion  
h e a t i n g )  produces a loss  of H. 
t o  reduce the  e f f e c t i v e  energy, and the  fol lowing experiment w a s  made 
w i t h  the diameter  of t h e  beam a t  t h e  impact p o i n t  about 1 / 4  inch.  
Af t e r  evacuat ing  the  system 
2 '  
The focus of t he  laser beam w a s  changed 
Another sample of OP 243 w a s  t r e a t e d  the  same as before  and 
r u n  by l a s e r ,  t h i s  time with the large-diameter  beam and 60 shots .  A 
b lank  on t h e  g raph i t e  w a s  a l s o  run under these  same cond i t ions .  Under 
t h e s e  cond i t ions ,  about one-tenth the  amount of MgO decomposed, but  t he  
amount of H l i b e r a t e d  ind ica ted  t h e  sample con ta ins  0.33 weight pe rcen t  
Mg (OH) 2 
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The same sample w a s  analyzed by 160 laser sho t s  wi th  10 j o u l e s .  
The f i n e  focus w a s  used, which produced an impact a r e a  about 1 rmn i n  
diameter .  
w a s  equ iva len t  t o  37 ppmw. 
Decomposition of the  MgO amounted t o  3200 pg, and the  Mg(OH)2 
The above d a t a  v e r i f y  the evidence from t h e  induct ion-hea t ing  
experiments t h a t  h igher  temperatures y i e l d  l e s s  H from the  MgO or  t h a t  
a secondary r e a c t i o n  which consumes H i s  tak ing  p lace .  The mass spec t ro-  
meter  shows no products  o ther  than CO which might account f o r  a secondary 
r e a c t i o n .  No s i g n i f i c a n t  amount of f r e e  water w a s  found i n  any of the  
above experiments.  
Mass Spectrograph 
Sample OP 243previous lyhad  been analyzed mass spec t rog raph ica l ly ,  
and about 3.7 weight pe rcen t  of Mg(0H) had been found ( a s  determined 
a t  m/e 1, 2, and 17 ) .  It was rerun twice dur ing  t h i s  r e p o r t  pe r iod ,  wi th  
s p e c i a l  p recaut ions  having been taken t o  in su re  a good vacuum a f t e r  a 
bake. Af te r  ex tens ive  presparking, s eve ra l  p l a t e s  of l i g h t  exposures were 
made i n  which the  H-containing masses could be read .  One a n a l y s i s  gave 
0.13 percent  by weight as Mg(OH)?, which i s  i n  q u i t e  good agreement wi th  
t h e  0.16 and 0.17 percent  by induct ion  hea t ing .  The second a n a l y s i s  of  
t h i s  s e r i e s  gave 0.52 percent  by weight as Mg(OH)2. These l as t  two mass 
spec t rographic  ana lyses  a r e  be l ieved  t h e  more r e l i a b l e  than the o r i g i n a l  
a n a l y s i s  [3.7 percent  Mg(OH)2] because more ca re  w a s  taken t o  g e t  the good, 
l ow- in t ens i ty  exposures necessary f o r  reading  h igh  H con ten t s .  
2 
Knudsen Cell  
Because evidence had been po in t ing  t o  the conclusion t h a t  h igher  
tempera tures  and longer  r e a c t i o n  t imes were not  producing the  d e s i r e d  
e f f e c t ,  and i n  f a c t  appeared t o  be de t r imen ta l  t o  the l i b e r a t i o n  (or a t  
least  the  de te rmina t ion)  of H i n  t h e  MgO + C system, i t  was decided t o  
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eva lua te  the  Knudsen c e l l  technique. Bas i ca l ly  the  Knudsen c e l l  enab le s  
one t o  fo l low the  composition o f  the gas phase above a s o l i d  under 
equi l ibr ium cond i t ions  a t  wel l -def ined temperatures .  A s  appl ied  t o  the  
p re sen t  problem the  gas w a s  analyzed as i t  emerged from a small  ho le  i n  
the top of a g raph i t e  c r u c i b l e  conta in ing  MgO (OP 243) p l u s  C y  a t  s p e c i f i c  
temperatures  up t o  about 1300 C .  From previous work us ing  induc t ion  and 
laser h e a t i n g  i t  w a s  expected t h a t  the  major spec ie s  would be H H 0, wi th  
l a r g e  amounts of  CO and/or C02. 
r a t h e r ,  peaks occurred a t  almost every mass from 12 through 70. Some 
of these  can be explained as such spec ie s  as C y  CH and fragments,  Mg, 
MgO, MgOH, CaF, e t c .  But o t h e r s  appear t o  be va r ious  hydrocarbons.  It 
i s  d i f f i c u l t  t o  understand how hydrocarbons can be produced and remain 
a t  1300 C y  even given the i d e a l  condi t ion  of f r e e  C and H i n  adequate 
amounts. The blank run  (graphi te  c r u c i b l e  only) d i d  no t  show as much 
hydrocarbon; t h e r e f o r e  i t  must be assumed t h a t  the  H i n  the  MgO (p lus  
the  g r a p h i t e )  i s  t h e  source of these hydrocarbons. 
2’ 2 
However, e s s e n t i a l l y  no H w a s  d e t e c t e d ;  2 
4 
The d a t a  suggest  t h a t  equi l ibr ium cond i t ions  are  f a r  d i f f e r e n t  
from those  employed i n  the  p a s t ,  and t h a t  equi l ibr ium i s  not  a d e s i r a b l e  
cond i t ion .  They f u r t h e r  suggest that  H i s  evolved, a t  temperatures  up 
t o  1300 C y  over a many-hour per iod,  inasmuch as the  Knudsen c e l l  exper-  
iments  took seve ra l  days t o  complete and hydrocarbons were s t i l l  being 
observed a t  t he  conclusion.  
The experiment has  no t  answered the  ques t ion  of importance: 
A t  what temperature and over what t i m e  i s  H b e s t  e x t r a c t e d  from MgO? 
A l l  o the r  experiments have ind ica t ed  t h a t  t i m e  pe r iods  of minutes accomplish 
as much, i f  no t  more, H l i b e r a t i o n  than longer  pe r iods ;  i n  f a c t ,  f u r t h e r  
h e a t i n g  has  been shown t o  produce a decrease  i n  the hydrogen a l r eady  
e x t r a c t e d .  I n  view of the d i f f i c u l t y  of handl ing  the  r a w  Knudsen c e l l  
d a t a ,  and because the  technique does no t  appear promising with r e s p e c t  
t o  t h e  o b j e c t i v e s  of the program, no a d d i t i o n a l  work w i l l  be done. 
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Oxygen React ion 
Upon examining t h e  thermodynamics of t he  MgO system, i t  w a s  
c a l c u l a t e d  t h a t  the r e a c t i o n  2MgOH + $ 0 2 V  MgO + Mg(OH)2 w a s  favored 
by h e a t ,  and of course by 0 Since Mg(0H) i s  known t o  be uns t ab le  above 2 '  2 
about 400 C ,  t h e  technique of hea t ing  MgO i n  O2 i s  t h e o r e t i c a l l y  a means 
of l i b e r a t i n g  t h e  H. 
Two experiments were made t o  e s t a b l i s h  the  f e a s i b i l i t y  of the  
technique.  I n  both cases  MgO (Fisher  M-300, ca l c ined  i n  vacuum a t  700 C,  
BMI 91938) w a s  used. Br i e f ly ,  the sample w a s  hea ted  a t  100 C and a t  
500 C i n  vacuum, and a t  500 C with 0 2 2 
were l i b e r a t e d  a t  each s t e p ;  by f a r  t h e  l a r g e s t  amount came dur ing  the  
500 C--no O2 s t e p ,  bu t  a s i g n i f i c a n t  a d d i t i o n a l  amount w a s  obtained when 
O2 w a s  added. 
i n  Table 28, and f o r  Run 2 are shown g r a p h i c a l l y  i n  Figure 1. (Note t h a t  
t h e  y -ax i s  and the  p l o t  i t s e l f  are  t h r e e  segments, wi th  breaks between, 
t o  compress t h e  graph. ) 
flowing. D i sc re t e  amounts of H 0 
The complete procedure i s  given below; t h e  d a t a  are presented 
Procedure.  A sample  of MgO weighing about 10 mg w a s  p laced  i n  
a Vycor boat  i n s i d e  a Vycor r e a c t i o n  vessel. The l a t t e r  w a s  designed t o  
p i v o t  about an a x i s  formed by the a r m s  a t t ached  t o  the  i n l e t  and o u t l e t  
gas  l i n e s .  The main vessel chamber w a s  blanked a t  t he  s e l e c t e d  tempera- 
t u r e s ,  then w a s  r o t a t e d  t o  allow t h e  sample boat  t o  s l i d e  i n t o  the  h e a t i n g  
zone. 
1 3 X  molecular s i eves  he ld  a t  -10 C .  The o u t l e t  gases  passed through a 
l i q u i d  n i t r o g e n  t r a p  and i n t o  the m a s s  spectrometer  i n l e t  o r ,  with O2 
f low, i n t o  a t rapped mechanical pump. 
The 0 supply was  tank 02, p u r i f i e d  of H 0 by pass ing  through 2 2 
I n  the  f i r s t  run  t h e  sample w a s  he ld  a t  100 C f o r  20 minutes 
under  vacuum, and the  H 0 re leased  w a s  c o l l e c t e d  and measured. P r e -  
surnably t h i s  i s  su r face  o r  phys i ca l ly  bound water .  Next, the sample w a s  
h e l d  a t  500 C i n  vacuum, and again the r e l e a s e d  H 0 w a s  measured. This  
i s  assumed t o  be water p r e s e n t  i n  the  sample as Mg(0H) F i n a l l y ,  the  
sample w a s  maintained a t  500 C w i t h  about 20 torr G2 5 I ~ v t z g  t k n ~ g %  the 
vessel. The H 0 r e l eased  during t h i s  s t e p  i s  thought t o  be t h a t  which 
w a s  h e l d  as MgOH i n  the  sample. 
2 
2 
2' 
2 
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The second run  w a s  s i m i l a r ,  except  t h a t  a t  l e a s t  two h e a t i n g  
per iods  were employed a t  each s tep  t o  determine i f  t h e  i n c r e a s e s  were 
rea l  or  were merely evidence of  i n s u f f i c i e n t  t i m e  i n  the  previous s t ep .  
The d a t a  i n  Table 28 ind ica t e  a d e f i n i t e  break i n  t h e  e l u t i o n  
of H 0 between 100 C y  500 C without 02, and 500 C with  0 
runs  on t h i s  sample us ing  the  mass spectrograph and laser beam and induc- 
t i o n  h e a t  decomposition showed about 20 percent  Mg(OH)2; however, the  
d i s t i n c t i o n  between Mg(0H) 
p resen t .  Previous 
2 2 
and MgOH w a s  n o t  made. 2 
For Run 1 the  sample was weighed a f t e r  t he  r e a c t i o n  and had 
l o s t  0.0009 g. 
and w a s  no t  weighed.) The sample from Run 2 w a s  l o s t  dur ing  removal from 
the  appara tus .  
(A s m a l l  amount b l e w  out  of t he  boat dur ing  the  run  
Table 29 shows the amount of C 0 2  evolved and c a l c u l a t e d  as 
C and as MgC03. 
i s  poor and no d e f i n i t e  s ign i f i cance  can be a t t ached  t o  these  va lues .  
I n  Run 2 t h e  evo lu t ion  of CO did drop on the second h e a t i n g  a t  500 C 
w i t h  and without  oxygen; however, a t  100 C the  C 0 2  w a s  nea r ly  as h igh  
f o r  the second h e a t i n g  as f o r  the f i r s t  hea t ing .  
( N o  C w a s  added t o  these  samples.) The r e p r o d u c i b i l i t y  
2 
Table 30 shows the  composition of t h e  noncondensables from 
Run 2 a t  100 C and 500 C without  oxygen. No s i g n i f i c a n t  amount of m a t e r i a l  
w a s  de t ec t ed  except  f o r  a i r  r e l e a s e  a t  100 C.  Obviously the  a n a l y s i s  of 
t h e  noncondensables w a s  no t  p r a c t i c a l  f o r  the  500 C temperature wi th  
oxygen flow. 
One can r a i s e  the  quest ion "Why would t h i s  technique work whi le  
c a l c i n i n g  i n  a i r  apparent ly  i s  i n e f f e c t i v e ? "  The only obvious answer i s  
t h a t  t he  adsorp t ion  of  H 0 is  very r a p i d  and t h a t  MgO, even though f r e e  
of OH a t  one s t age  i n  production, soon p i cks  up OH from the  atmosphere. 
T h i s  hypothes is  can be checked by exposing t h e  sample t o  moist  a i r  a f t e r  
having  been hea ted  i n  flowing 02. 
H 0 w i l l  be picked up equal  t o  what w a s  r e l eased .  I t  w i l l  be i n t e r e s t i n g  
t o  determine i f  t he  same " three  types  of OH" a r e  found a f t e r  a i r  exposure 
of  supposedly OH-free MgO, as were found i n  t h e  i n i t i a l  runs.  
2 
It  i s  not  expected t h a t  an amount of 
2 
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Standard iza t ion  of Mass Spectrographic  Technique 
Throughout t h i s  program the  s t anda rd iza t ion  of t he  mass spec t ro-  
graphic  technique has  been s t r e s s e d .  Most of t h e  work has  involved cross -  
check d a t a  obtained by chemical and emission spec t rographic  means. During 
t h i s  r e p o r t  per iod  s y n t h e t i c  s tandards  were prepared us ing  as a base 
Kanto MgO, BMI S-0430, and BMI S-0429. The amounts of s e l e c t e d  elements 
p re sen t  i n  t h e  sample, the  t o t a l  a f t e r  t h e  add i t ions ,  and the  amounts 
subsequent ly  found by mass spectrographic  a n a l y s i s  a r e  shown i n  Tables 
25 and 3 1 .  I n  most i n s t a n c e s  the  agreement w a s  good, p a r t i c u l a r l y  so 
f o r  elements t h a t  might have been expected t o  be problems. The two high-  
weight a l k a l i e s ,  Rb and C s ,  appear t o  have u n i t  s e n s i t i v i t y ,  i . e . ,  they  
are not  abnormally ion ized .  But two low-weight a l k a l i e s ,  N a  and K, a r e  
s eve re ly  enhanced a t  t h e  +1 pos i t i ons ,  and apparent ly  the +2 p o s i t i o n s  
( m / e  1 1 - 1 / 2  and 19-1/2 f o r  N a  and K) r e q u i r e  c o r r e c t i o n  f a c t o r s  i n  the 
range  of 100 t o  300 f o r  N a y  and 30 t o  50 f o r  K. The r epor t ed  va lues  were 
obta ined  from the  +2 l i n e s  us ing  a c o r r e c t i o n  f a c t o r  of 10. Lithium, 
t h e  lowest weight a l k a l i ,  has  a s e n s i t i v i t y  of about 3 a t  the  +1 p o s i t i o n .  
-9- 
The halogens behave i n  a p e c u l i a r  manner. B r  h a s  n e a r l y  u n i t  
s e n s i t i v i t y .  C 1  and F have been i n c o n s i s t e n t ,  C 1  u s u a l l y  being too  high 
and F too  low as determined mass spec t rog raph ica l ly .  This  w a s  t r u e  
f o r  t he  s tandards  as w e l l .  
The s tandards  were made by adding s m a l l  volumes of s o l u t i o n s  
con ta in ing  water -so luble  sal ts  of t he  c a t i o n s  and an ions  of i n t e r e s t .  
Care w a s  taken t o  moisten e s s e n t i a l l y  a l l  t he  powdered MgO but  no t  t o  have 
l e f t - o v e r  s o l u t i o n  t h a t  could f r a c t i o n a l l y  c r y s t a l l i z e .  The p a s t e  w a s  
mulled thoroughly,  then  muffled a t  as h igh  a temperature  as poss ib l e ,  
cons ide r ing  the  decomposition temperatures of t he  va r ious  i n g r e d i e n t s  
and the  corresponding MgX compounds (where X i n d i c a t e s  t h e  added an ions ) .  
I n  the  p re sen t  ca se ,  t h i s  w a s  120 C .  Af t e r  muff l ing ,  t h e  mixture  w a s  
shaken i n  p l a s t i c  v i a l s  wi th  p l a s t i c  b a l l s  f o r  15 t o  30 minutes ,  then 
* The observed concen t r a t ion  must  be d iv ided  by 3 t o  a r r i v e  a t  the  
proper r e s u l t .  
c 
-8- 
mixed wi th  Ag o r  C as usua l .  This technique,  long used by emission 
spec t roscop i s t s ,  probably i n s u r e s  a more homogeneous s tandard than i s  
poss ib l e  by d ry  mixing. 
The C 1  r e s u l t s  are so f a r  above t h e  known a d d i t i o n  l e v e l  as t o  
suggest  t h a t  C 1  was added inadve r t en t ly .  The f i r s t  se t  of s tandards  was 
made wi th  the s a l t s  RbC1, C s B r ,  Na2Si0 KF, Li2S04, and Sr(N03)2. The 
second set  w a s  made us ing  NaOH, MgC12, and MgF2 i n  t h e  hope of avoiding 
chance C 1  pickup. However, t he  one unknown i t e m  i s  the  Yb, made by d i l u t i o n  
of a s tock  of Yb i n  unknown ac id .  This s tock  w a s  no t  checked f o r  C 1  because 
of an ove r s igh t ;  e i t h e r  i t  or  one of t h e  s tandards  w i l l  be checked chemical ly  
t o  determine i f  t h i s  i s  the  source of u n i n t e n t i o n a l  C 1  add i t ion .  
3' 
Analysis  of Samples 
Two MgO samples from M r .  Jack  Merrow, Univers i ty  of Washington, 
were analyzed by emission and mass spectrography. The r e s u l t s  a r e  given 
i n  Table 26.  The cube w a s  repor ted  t o  be "4 -9 ' s ' '  pure.  The samples 
were sparked d i r e c t l y  ve r sus  Ag and Ta counter  e l e c t r o d e s ,  bu t  t he  ion  
beam cons i s t ed  of many more counter -e lec t rode  ions  than  Mg and 0 ions .  
The samples were the re fo re  ground i n  a boron ca rb ide  mortar  ( t he  repor ted  
B v a l u e s  are  from t h e  d i r e c t  sparking runs )  and b r ique t t ed .  
A 1  0 -2-3 
One of t h e  m a t e r i a l s  spec i f i ced  f o r  r e sea rch  i n  t h i s  program 
i s  A1203 .  U n t i l  now only MgO has been i n v e s t i g a t e d  i n  t h i s  program, but  
i n  an e f f o r t  t o  make the  research  e f f o r t s  as u s e f u l  a s  poss ib l e  t o  those 
working i n  the r e f r a c t o r y  ceramics f i e l d ,  o ther  materials of i n t e r e s t  
are be ing  s tud ied  dur ing  the  remainder of  t he  program. 
A 1  0 suppl ied by D r .  W .  D .  Scot t ,  Univers i ty  of Washington, an a n a l y s i s  
of which i s  r epor t ed  i n  Table 2 / ,  w a s  grown f rom Liride p u ~ i d i i r i g  p o x k r .  
The s i n g l e  c r y s t a l  
2 3  
-9- 
The a n a l y s i s  of t h i s  s t a r t i n g  m a t e r i a l  i s  the  "Given" a n a l y s i s  i n  t h e  
t a b l e ,  and may no t  r ep resen t  what would be expected i n  a f i n i s h e d  c r y s t a l .  
It appears  t h a t  some of t h e  more v o l a t i l e  impur i t i e s  (Sn, Ag, Mn, B) 
were removed dur ing  the  flame fusion growing, and t h a t  o t h e r s  (Mg, C a )  
were picked up. 
t h e  vendor ' s  emission spectrographic  a n a l y s i s  of t h e  powder A 1  0 
emission spec t rographic  a n a l y s i s  of t h e  s i n g l e  c r y s t a l ,  and Bat te l le ' s  
mass spec t rographic  a n a l y s i s  o f  the s i n g l e  c r y s t a l .  On the  b a s i s  of t h i s  
one sample, it appears  t h a t  the  ana lys i s  of A 1  0 
unusual  d i f f i c u l t y .  
Most of t h e  other  i m p u r i t i e s  showed good agreement between 
B a t t e l l e ' s  2 3,  
does no t  p r e s e n t  any 2 3  
It w a s  found, however, t h a t  mortar contamination w a s  a s e r i o u s  
High and unpred ic t ab le  i m p u r i t i e s  problem because the  A 1  0 i s  so hard.  
were picked up from mor tars  made of sapphire  and tungs ten  ca rb ide ,  probably 
r e f l e c t i n g  materials prev ious ly  ground i n  these  mor ta rs  and not  removed 
d e s p i t e  c a r e f u l  c leaning .  I f  many samples  of hard m a t e r i a l s  were t o  be 
analyzed,  i t  would pay t o  reserve  a new mortar f o r  t h a t  material  a lone 
t o  reduce chance contaminat ion.  
2 3  
CONCLUSIONS AND RECOMMENDATIONS 
The major e f f o r t  descr ibed i n  t h i s  r e p o r t  concerned t h e  OH 
de te rmina t ion  i n  MgO. 
appear  t o  be aimed i n  t h e  r i g h t  d i r e c t i o n .  
of  MgO-C, e i t h e r  by induct ion  o r  by defocused laser,  and t h e  s tepwise 
H 0 l i b e r a t i o n  us ing  an 0 atmosphere i n  the  f i n a l  s t ep .  Much of t h e  
p rev ious  work w a s  performed on the premise t h a t  decomposition of  MgO 
a t  h igh  temperatures  w a s  necessary t o  l i b e r a t e  H .  Not only w a s  the  
r e a c t i o n  d i f f i c u l t  t o  accomplish, i t  a l s o  l e d  t o  an a c t u a l  r educ t ion  i n  
On the  bas i s  of  r a t h e r  l imi t ed  work, two techniques 
m e s e  are the  moderate hea t ing  
2 2 
t h e  amount of H c o l l e c t e d .  
It i s  recommended 
be s tud ied  f u r t h e r  with the  
OH. 
2 
t h a t  t h e  moderate temperature r e l e a s e  of H 
goal  being the  q u a n t i t a t i v e  de te rmina t ion  of 
-10- 
NEW TECHNOLOGY 
No r epor t ab le  i tems of new technology have been generated under 
t h i s  program t o  d a t e .  
FUTURE WORK 
The MgO-02 system w i l l  be i n v e s t i g a t e d  using a r ev i sed  hea t ing  
schedule t o  confirm the  l i b e r a t i o n  of a d d i t i o n a l  H 0 a t  a given tempera- 
t u r e  as 0 i s  introduced i n t o  the system. Further  l a se r -hea t ing  s t u d i e s  
may be made i f  t he  MgO-02 technique does not  prove f e a s i b l e .  
t i o n  of MgO i n  the  mass spectrograph w i l l  be attempted. 
on another  p r o j e c t  were unsuccessful  because of o p t i c a l  alignment problems, 
bu t  t hese  have been solved. 
2 
2 
Laser e x c i t a -  
Prel iminary s t u d i e s  
-11- 
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TABLE 26. ANALYSIS OF UNIVERSITY OF WASHINGTON MgO SAMPLES 
(PPmW) 
Cube Chip 
Element Mass Emission Mass E m i  s s ion  
L i  
Be 
B 
F 
Na 
A 1  
S i  
P 
S 
c1 
K 
Ca 
sc 
T i  
V 
C r  
Mn 
Fe 
co 
N i  
cu 
Z r  
Mo 
0.01 
<0.02 
0.2 
<0.5 
<2. 
20. 
5 .  
<1. 
3. 
4.  
1. 
200. 
0.2 
<0.4 
1. 
7 .  
20. 
100. 
0.1 
2 .  
1. 
0.5 
0.2 
-- 
30. 
<6.T 
-- 
450. 
e. 
0 .T 
6. 
1 5 .  
100. 
- -  
-- 
<6.T 
<3. 
<20. 
a. 
0.06 
<o .02 
0.2 
<0.5 
<2. 
60. 
50 .  
1. 
6. 
4 .  
1. 
200. 
3. 
10. 
3. 
1 5 .  
50. 
600. 
0.2 
12. 
2. 
70. 
0.4 
- -  
450.  
-- 
5 .  
3. 
15 .  
4 0 .  
450.  
15 .  
150.  
-- 
<3 .T 
<3.T 
T = Trace. 
- -  = No da ta .  
Note: Elements no t  repor ted  (except H, C ,  N ,  0, and Mg) 
were not  de t ec t ed .  The d e t e c t i o n  l i m i t s  a r e  0.1 
ppma, d iv ided  by the i so tope  f r a c t i o n  of t he  most 
abundant i so tope  of the  element.  
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TABLE 27. MASS AND EMISSION SPECTROGRAPHIC ANALYSIS OF A1203 
(PPmW) 
Ele- Ele- 
men t Mass Emission Given ment Mass Emission Given 
L i  
B e  
B 
C 
N 
F 
N a  
S i  
P 
S 
c1 
K 
Ca 
s c  
T i  
v 
C r  
Mn 
Fe 
c o  
N i  
cu 
Zn 
G a  
G e  
A s  
Se 
B r  
Rb 
Sr  
Y 
Z r  
Nb 
Mo 
Ru 
Rh 
Pd 
Mg 
0.004 
<0.03 
0.1 
50. (b) 
<0.6 
2. 
6 .  
20. 
0.3 
6 .  
15. 
10. 
15. 
<O .05 
3. 
<o. 2 
0.3 
0.5 
6 .  
<0.1 
2. 
1. 
<0.3 
<0.2 
<0.2 
<0.1 
a . 2  
a . 2  
<0.2 
4 .1  
<0.1 
<0.2 
<0.1 
<O .4 
<0.6 
<0.1 
4 . 4  
(a )  
5. 
15. 
10. 
3. 
4 .N 
<10 .N 
<3.T 
10. 
<10 .T 
4 .T 
<10 .* 
<10 .N 
<10 .N 
0.6-1.5 
0.6-1.2 
7.-12.  
0.0-0.35 
0 .O-0  .35 
10. -20 .  
7.-15. 
0.8-1.6 
Ag 
Cd 
I n  
Sn 
Sb 
Te 
I 
C s  
Ba 
La 
Ce 
P r  
Nd 
Sm 
Eu 
Gd 
Tb 
Ho 
E r  
Tm 
Yb 
Lu 
Hf 
Ta 
W 
Re 
os 
Ir 
P t  
Au 
Hg 
T 1  
Pb 
B i  
Th 
U 
DY 
<0.2 <3 .N 0.5-1.5 
<0.3 
<0.1 
<0.3 8.-16. 
<0.3 
<0.3 
4.1 
4.1 
50.5 
<0.1 
a.1 
a.1 
<0.4 
<0.6 
<0.3 
<0.6 
<0.2 
4 . 7  
4 . 2  
4 . 6  
<0.2 
<0.7 
<0.2 
a . 6  
<6. (c)  
<O. 6 
<0.4 
4 .4 
<O .4 
4 . 6  
<2. (d) 
<0.6 
<0.2 
<0.4 
<0.2 
<0.2 
4 . 2  
( a )  Graphi te  b inder .  
(b)  Source no t  baked - value  may not be v a l i d .  
( c )  High "less than" va lue  due t o  contamination from T a  source p a r t s .  
(a> Tan+ i n t e r f e r e n c e  
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TABLE 30. NONCONDENSABLE MATERIAL FROM 
MgO AT 100 AND 500 C 
Weight Percent,  Based 
Total  on MgO Sample 
cc atmos. co H, 
100 c y  1st 1.244 N T (Mostly a i r )  
100 C y  2nd 0.004 T ?  N (Mostly a i r )  
100 C y  3rd N 
500 C y  1st 0.0168 0.1 0.006 
500 C ,  2nd 0.0048 T 0.003 
Overall  Total  1 .27 w o . l  w o . 0 1  
Blank 0.0013 0.01 0.0002 
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FIGURE I. EVOLUTION OF WATER FROM MgO AS A FUNCTION 
OF TEMPERATURE AND ATMOSPHERE 
